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ABSTRACT
Gears is one of the most widely used power transmission in many industries. The
desrgn of gears is quite conrplicated because it requires large parameters. There
are two types of stresses that occur on gears - bending stess at the root ofthe
teeth and contact stress at the surface ofthe teeth. The aim ofthis paper is to
present results of theoretical and finite element study of contact stress of spur
gears. The geometry of spur gears simulated was taken from the gears of nut
stirrer in PT. Garuda Food Bandar Lampung. Finite element modeling and
analysis was done using AI.ISYS commercial software. PLA}.IE183 element tlpe
was employed for gears with TARGE169 and CONTA172 used for rrodsling of
surfrce-to-surface, flexible contact Finite element analysis shows pressure
contact of 1702 MPa, while the results of using theory of Hertz and AGMA
design by rule shows pressure contact of 1826.2 MPa and 1650.9 MPa
respectively. The relative difFerence of pressure contact between FEA and theory
of Hertz is 6.8%, while between FEA and AGMA design by rule is 3o/o. For three
dimensional stress in term of von-Mises stress, calculated stress-using approach of
two-cylinder in contacts is 1378.0 MPa, while the results obtained using AI.ISYS
simulation is 1601 MPa - they differentby L3.9Yo. In conclusion, finite element
procedure using ANSYS is veryuseful in contact strsss, analysis.
Key wordsz Finite elenent analysis, Spur gears, Contact stress
INTRODUCTIO N
Gears are toothed cylindrical wheels used for transmitting mechanical power from
one rotating shaft to another. Typical applications of gears include manual and
automatic motor vehicle gear box, machine tools drives, power tool drives etc.
Spur gears are those gears whose teeth are parallel to the axis of gear wheel. spur
gears are used for parallel shaft applications. Gears play a main role in
transmitting the torque from one coryonent to the other. If due to sffesses, even
only one tooth of the gear fril" then the whole machinery would shutdown and can
cause more damage at high speed.
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Gears principally experience two kinds of shesses - bending stresses at the root of
the teeth due to transmitted load and contact stresses on the flank of the teeth due
to repeated irqpact or sustained contact ofone tooth surface against other. Failure
due to bending occur when significant tooth stress equal or exceeds either the
yield strength or the endurance limit. Essentially a gear tooth behaves as a
cantilever beam and therefore the maximum bending stress occur at the base. In
this mechanisnq first of all a tiny fatigue crack occurs at the base because of
repeated applications of load as tooth goes into and out of mesh. The crack begins
on the side where the force is applied because the stress is tensile in that region.
The initial crack increases the stress conce,ntration above the value caused by the
fillet. At the base because the cross section reduced greatly, the tooth fractured
suddenly. It has been realizedhowever, that at high speed the pitting or wearing of
gears surface is much more critical factor then the strength of the beam. This
results from contact stress. Contact stress analysis of a spur gears is provided in
this paper via nonlinear finite element method.
Finite element method is the most appropriate numerical method to solve
nonlinear contact problem of a gear teeth. Ulaga et al [1999] anaiyse contact
problems of gears using overhauser splines to calculate contact zone stresses.
Dimitrijevic et al[2007] use finite element analysis for dpamic stress and strain
state of a spur gear. Pasta and Mariotti [2007|presented a finite element analysis
for a spur gear with a corrected profile. Atanasovska, et al [2009] presented a
finite element model and analysis of nonlinear contact ofhelical gears. This paper
presented nonlinear finite element analysis of contact stresses oftlpical spur gears
as part of nut stirrer in PT. Garuda Food Bandar Lanpung.
Contact stress theory
To begin with contact stress analysis of a E ur geras, it is worth lscalling the
theory of Hertz for contact of two elastic cylinder as shown in Fig.l. when two
cylinders having diameter of dflnddzrespectively are pressed at the same time
with a force d then a contact zone of rectangular shape having width of 2b
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andlength of lwill be obtained in oval form. Half witdh (b) can be obtained
according to the equation:
!-*
!  
j l -Fi  
' ' - l= 
|
i:13--5-
, r : i  3J
f j=15!
t -
where, Er and E2 arte Young's modulus
cylinder materials.
(1)
and vl and vz are Foisson's ratio of
Fig.l. (a) two cylindersin contact due to distributed force f', (b) contact stress
distribution of oval shape ofwidthof 2b.
Maximum contact pressure can be calculated as:
F',ar Q)
Similar to equation (2) for cylinder, contact stress for spur gears can be obtained
by substituting o" forp.o to get:
.  r i {  i  +-+\
oi =-l;T-: I
-  
-- '  
r . ._l+-E:4/
rvhere,r1 and a are given by:
iu3tl 'S r i! i l8 F.ri
r . -=: ,  &I fO,1 =7
In eq.(4), dn is diameter of pinion, du is diameter of gear, and p is contact angle.
In equation (3), there are four constants, two for pinion and two for gear
respectively. For these constants, Hertz defines an elastic coefficient Co by the
following equation:
;:
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Enploying this simptification and by adding a velocity factor fr.,,, equation (3) can
be written as
o. = -t-;-+ r-f. +:l
.  
- \  
.Fi03 I  \ i1 : :  '
(6)
Negative sigu for Cn in equation (6) indicated compressive stress.l is tangential
transmitted load (kht) calculated using the following equation:
14"=trTf i .  Q)
Where,
I = transmitted tangential load, lN
.F/= transmitted power, kW
d= diameter ofgears, mm
n: angular velocity of motor, rpm
Equation (6) shows that contact stress for spur gears can be obtained by
modifuing Hertz equation using the elastic coefficient Co and by multiflying the
radius of pinion and gears with contact angle. In practice, a method developed by
American GearManufacture Association (AGMA) is usually eryloyed to
calculate pressure contact in gears. AGMA method approach pressure contact
using some tabulated frctors and graphics.
The AGMA equation for contact stress of spur gears is given by:
r-
o- = redi.t'i,trt"k"-*,i (8)
where,
Ze = elastic coefficientn.,.'*lffi
F = tangential transmitted loa4ltl
ko: load factor
&, = dlmamic factor
D: width of flank
dil --pitch diameter ofpiniorq mm
Z,: factot of surface condition
ta: factor of distributed load
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FINTTE ELEMENT MODELING A}tD ANALYSIS
Finite element method using ANSYS basically consists of three phase: pre-
processing, solution, and post-ptocessing. Geometry modeling, choosing element
t1pes, 6eshing, and apllied load usually done in pre-processing phase. The spur
gears modeled in this paper is of typical spw gears used for nut stirrer in PT.
Garuda Food bandar Lampung as shown ini Fig.2. Parameter for geometry
modeling are given in Table L
Fig.2. Sprn gears used for FE modeling
Table 1. Parameter for geometry modeling
To begin with geometry modeling, the tooth profile of gear, called involute is
determined. The involute curve is that which is traced by end of a string as it
unwind from a base cirele (r_base). The position of a point on involute curve is




Spw gears Spur gears
Diameter ofpitch 21.2 cm 34.9 cm
Diameter of shaft 6.4 crn 5.5 cm
Width ofteeth (b) 5.714 cm 5.714 cm
Thickness ofteeth (r) 1.4 cm 1.4 cm
Height ofteeth (&) 1.7 cm 1.7 cnr
Number ofteeth 22 42
Velocity 33.5 rpm 17.8 rpm
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Equation (9) can be written as,
e - cor-t{3-gars]
(r0)
( l  l )
Equation (9) and (10) define the involute polar coordinates (position of a keypint
or a node on the involute) as a functioa of polar angle 9. Using the data geometry
in Table I and forrntrla (9) and (10), 2D geometty model of the gears is shown in
Fig.3
Flg. 3. Spur gears in contact
Element types used for gears is PLANEIS3 from AIfSYS element library.
Theelement has eight nodes with two degree of freedom for each node. To
simulate a flexible, surface to surface contact, CONTA172 and TARGETI69 are
used. Both elements have tlree node per element with displacement and rotation
degree of freedom- Due to nature of geometry of the gears, sweepmeshing with
smart sizing option was implemented during finite element ge,neration. Using this
option, it was possible to get the best element size around the fillet of the root of
the teeth-
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Tlpical finite element model is shown in Fig.4. Boundary conditions for this
model is zero angular displacement for all nodes at diameter of shaft of the geaxs.
Loading is applied as angular displacement of all nodes inpinion.
Fig. 4. Typical finite element model of spur gears
RESTJLTS AND DISCUSSION
Figure 5 shows pressure contact(contact stress having tensor normal to contact
surface) contour plot and maximum contact pressure of 1702 MPa.
,lt|
Fig. 5. Contact stress of spur gears using FE method
Similar contact stress can be calculated using the
equation (6). By choosing the appropriate value




1i 78,5 cos ?0 
1.36.?3 59'68r
: 1826 MPa
theory of Hertz as given in
for constants, the following
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Based on the method of AGMA, contact stress can also be calculated fiom
equation (8). By choosing the appropriate value for constants, the following
contact stress was calculated:
a. = 1e1^ lElroooiirl ilo61j#F#
: 1650 MPa
Conparison of the contact stress between FE method theory of Hertz, and
AGMA design by rule is given in Table 2.
Table 2. Conparison of contact stress between FiE method and theory MPa
A more conprehensive stress can be plotted from FE result in term of von-Mises
stress as shown in Fig.6. It can be seen fromFig.6 that in addition to contact stress
at surface of the teettr" bending stress also appears at the root of the teeth. It is also
worth to plot a gaph shear stress distribution from contact surface toward the
thickness ofthe teeth in the direction of contact angle as shown in Fig.8.
s'ig.6. Von-mises stress contourusltg FE method
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FE Itertz AGMA
1702 1826.2 1650.9
Differe,ncg % 1.0 6.8 3.0
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Fig. 8. Shear stress distribution plotted &om contact surface toward the deep of
the teeth
CONCLUSION
Finite element modeling and analysis for contact stress of spur gears shows good
agreement with the theory of Hertz and AGMA desrgn by rule. The study also
shows that modified Hertz theory of contact sfess between two cylinder are
appropriate in assessing contact stress on spur gears. This study confirms that
AGMA design bynrle is in better agreement with FE rezult than the Hertz theory.
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